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Abstract: Computational methods (either statistical or non-statistical) for experimental
design, data analysis and optimisation are needed to provide information which can be used
by a variety of decision makers and for a variety of purposes in the natural sciences
research. It is crucial for scientists to keep pace with evolving computational approaches, to
comply with specific needs emerging from applied research. Software tools are desirable
not only to provide easy access to a large variety of data processing methods but also to
grant for continually updating, adding more solutions as well as keeping all the parts up to
date as computing software environments change and novel computational methods evolve.
Based on that, the Data Analysis ‘N’ Assessment (DANA) project was approached and
meant as platform-independent, integrated repository of statistical and soft-computing
procedures for use in applied research. It consists of a core engine and a set of plug-ins
sharing an array of functionalities. The core engine is written in Java and integrates a set of
libraries (e.g., from the R language for statistical computing) accessible via web services.
This is achieved through usage of the object-oriented paradigm and high-level utility
functions, hiding much of the complexity of the underlying libraries. The core engine
handles data logging, event handling, information and synchronisation between different
libraries. All classes implement a defined interface that makes it possible to create
derivative works by third parties. A Graphical Users’ Interface is dynamically generated
via PHP through a set of configuration XML files. The XML Schema Definition below
undergoes validation. This paper illustrates the features of DANA through the components
used for computation of fuzzy-logic based rules.
Keywords: DANA; Fuzzy logic; Java; Software component; XML.

1.

INTRODUCTION

An ever-increasing number of researchers and software developers are attracted towards
data processing techniques. Different reasons justify such continuing interest. On one hand,
high level quality in scientific work is perceived when a minimum of sophistication in data
processing is placed in. A tight correlation is also occurring between the problems that
emerge in developing innovative analytical approaches and those typical of other research
fields such as, for example, mathematical modelling. Moreover, today’s scientific research
easily results in the generation of considerable amounts of data. To ensure data quality,
accurate analyses, and evaluation tend to be integral parts of the processes conducted by
research projects. Creation of a platform to provide for effective management of the data
and the associated analyses has therefore become a high priority. Such a platform should
ultimately support data handling, processing, visualization, reporting, and knowledge
dissemination tools, integrated with robust document tracking and control tools.
Basic and advanced statistical methods are routinely used to support a variety of studies.
Complementary approaches are the so-called soft-computing techniques (including neural
networks, fuzzy systems, evolutionary computations, etc.) which attempt to study, model
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and analyse systems that remain intractable to conventional analytical methods. There is
abundance of software that implements approaches to data processing, ranging from
comprehensive packages (SAS, SPSS, etc.) to more limited in scope implementations, yet
custom-built for specific purposes. From our team, examples of the latter are: IRENEfamily tools [Fila et al., 2003a, b; Criscuolo et al., 2007] for model validation; ICARO
[Silvestri et al., 2006] for assessment of environmental impact; AMPE [Acutis et al., 2007]
for analytical methods evaluation; KeSTE [Paoletti et al., 2003] and SISSI [Confalonieri et
al., 2007] for optimization of sampling strategies. All such approaches illustrate from
different perspectives that there is actually a wealth of well-developed solutions to the basic
problem of helping the scientists with their data collection, processing, and interpretation.
For scientists, it is desirable to retrieve analytical solutions and to process data from a free
and extensible repository of alternative techniques. In order to improve the efficiency of
use of resources and foster higher quality of analytical units, the component-based
paradigm (which combines object-oriented and modular features) has become popular in
the software business, based on the concept of encapsulating solutions to analytical
problems in discrete, replaceable, and interchangeable units (components). Componentoriented designs actually represent a natural choice for building scalable, robust, large-scale
applications, and to maximize the ease of maintenance in a variety of domains, including
natural sciences data processing. The component development paradigm makes
construction of software a case of plugging together independent components within an
environment that implements the communication issues of components. The Java language
has emerged with the aim to support inter-operability between different components and
facilitating their integration. In this work, data-processing component-based software was
designed in recognition of the need for the scientific communities to develop an organized
approach to building the software that underlies data analyses. The aim was to comply with
requirements of modularity, reusability/replaceability, extensibility, transferability, web
accessibility, and open-source technology manageability.
The features of the software component are introduced and discussed in this paper to
demonstrate that great utility in data processing can be gained through the implementation
and use of object-oriented software components. The solutions implemented for application
of fuzzy-logic based rules are also illustrated.
2.

SOFTWARE COMPONENT STRUCTURE

The software component DANA (Data Analysis ‘N’ Assessment) contains functions for
basic and advanced data processing procedures. Each procedure is implemented as a class.
Simple procedures are implemented as independent classes while complex procedures are
the result of an association of classes. The simplified conceptual view of Figure 1 shows
iterations in the user interface-service-core communication flow.

Figure 1. Conceptual view of software iterations.
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Black arrows indicate interactions, either direct or SOAP [Simple Object Access Protocol]mediated, generated at the execution time; grey arrow indicates a predefined dependency
relationship. XML Schema Definition (XSD) is used to validate and ensure the interface
compatibility with the system, since the Graphical User Interface (GUI) is automatically
created through a generic XML file provided by each procedure available in the
application. Figure 2 illustrates a portion of the XSD file used to validate any generic XML
file implementing the GUI.

Figure 2. Portion of XSD schema used to validate a generic XML file.
The development of a reusable structure was based on object-oriented design. The
application of this design philosophy led to the development of a hierarchy of software
components that are manual controller independent and also have a standardized interface.
The key design requirements for this architecture were: open-system, reusablility,
application independent, extensive error-handling and safety checking, applicability to realtime data consistency and control, and reduced development time to implement new
functions and analyses. Ease of maintenance is granted, also providing functionalities such
as the test of input data versus their definition prior to computing any procedure. The
component can be extended independently by third parties, adding new functionalities
(extensibility) without the need of rewriting and/or re-compiling old code (modularity) if
complying with the interface requirements. Moreover, external mathematical open source
routines (e.g., classes from the R language statistical computing) were integrated to DANA
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environment, in order to increase the computing solutions of the application. In order to
fulfil the interface requirements, the application is dynamically linked to the functions
available in the system at a given moment.
Based on the above modular approach, the implementation of DANA grants the possibility
to replace existing functions (modules) with new ones (replaceability) as well as the
usability of modules within other applications (reusability). The use of Java language
assures the migration of the system to different platforms (transferability). For rapid
development process and improvement of code readability, “design patterns” (e.g., Gamma
et al., 1995) are used as effective solutions to describe how objects communicate without
knowing each other’s data and methods. The design patterns “strategy” allows offering to
the user different algorithms to achieve the same goal, called strategies. This solution
emphasizes the issues of modularity and reusability. Web accessibility is granted by
complying with the Web Accessibility Initiative strategies and guidelines developed by the
World Wide Web Consortium (W3C), the requirements of consistency of behaviour and
layout being assured through the use of templates in conjunction with Cascading Style
Sheets. A Graphical Users’ Interface (GUI) is dynamically generated via PHP through a set
of XML configuration files. Through these XML files the GUI will be dynamically
modified with respect to specific analysis’ requirements (examples in Figure 3 and Figure
4). The component is either meant for users or developers interested in developing
component-oriented solutions to data processing. The component is deployable and
reusable in any application run over alternative operating systems.

Figure 3. Example of GUI and the portion of XML file used to define it. In this example, S
shape function and its parameters are defined in the XML file and automatically generated
in the GUI.

Figure 4. Example of input data screen, dynamically created from the XML file associated
to a specific analysis.

1080

G. Bellocchi et al. / Web components for development of computational methods: example with fuzzy logic rules

3.

COMPONENTS FOR FUZZY-LOGIC BASED RULES

Fuzzy logic derives from the fuzzy set theory originally introduced by Zadeh (1965).
Fuzzy-logic based techniques are robust on uncertain and imprecise data such as subjective
judgements and preferences [Ross, 2004]. For this reason, their use has been proposed
[Hall and Kandel, 1991] and successfully applied to design expert systems in a variety of
fields, including environmental modelling [e.g., van der Werf and Zimmer, 1998;
Cornelissen et al., 2001; Ferraro et al., 2003; Rivington et al., 2005; Ocampo-Duque et al.,
2006; Hamels et al., 2007]. Fuzzy logic uses sets of values with unclear boundaries, and
can be used for mapping inputs to appropriate outputs. Fuzzy inference is the process of
formulating the mapping from a given input to an output using fuzzy logic. This mapping
provides a basis from which decisions can be made, or patterns discerned. Generally, the
fuzzy inference process involves three basic concepts: membership functions, fuzzy set
operations, and inference rules. A membership function is a curve that defines how each
point in the input space is mapped to a membership value between 0 (no membership) and
1 (full membership). The standard fuzzy set operations are: union, intersection and additive
complement. The inference rule is based on if-then statements, e.g., if x is A (antecedent)
than y is B (consequent). A fuzzy inference system can be divided into four parts:
fuzzification, weighting, evaluation of inference rules, and defuzzification. The
fuzzification process involves the definition of inputs, outputs, and their respective
membership functions that transform the numerical value of a variable into a membership
grade to a fuzzy set. Since not all input variables may have the same importance, it is
necessary to establish a way to weigh up the influence of each variable in the final score.
Dedicated standalone software tools are available where fuzzy-logic based rules are
implemented for use in specific areas [e.g., Fila et al., 2003a, b; Silvestri et al., 2006;
Acutis et al., 2007; Criscuolo et al., 2007; Sylaios et al., 2008]. A variety of approaches are
available to generate fuzzy-logic rules [Ross, 2004] that are also exploited to aggregate
variables of different nature into synthetic values [e.g., Bellocchi et al., 2002]. For
example, monotonic membership functions – symmetric: e.g., linear, S shaped;
asymmetric: e.g., logistic - are largely adopted to model the transition of a variable from
one to another set. For situations where observational evidence indicates that the transition
process is more complex, alternative functions (such as trapezoidal or bell shaped) are
adopted for mapping the membership of a given input. Easy access to alternative
approaches, amalgamated into one extensible tool, is desirable in order to tailor the
approaches to purpose-specific projects and assess them in a comparative fashion.
In DANA, a set of components guide the fuzzification-aggregation-defuzzification process
through multiple-choice dynamic steps granting the user high flexibility in operating
alternative membership functions and weighing systems, and unlimited aggregation levels.
The fuzzy logic computations are presently handled by two components, one based on S
shape membership functions and one supplying a variety of alternative functions. The
screenshots below illustrate what fuzzy-logic procedure displays on the screen at both an
intermediate stage of aggregation (Figure 5) and at its cessation (Figure 6). In both figures,
four exemplary numerical values (user-defined ‘Laboratory data’ and labelled from 0 to 3)
are entered for aggregation. This step follows the selection of a membership function of the
type illustrated in Figure 3. The user is required to both select a function and assign its
values to a favourable or an unfavourable set. In Figure 5, data labelled 1 and 2, differently
weighed (0.6 and 0.4, respectively) are first aggregated (Level 1, named by the user ‘2nd
association level’). A second-level aggregation (Level 2, named by the user ‘final
association’), based on the same principle, is also illustrated. A summary of the
aggregations performed is shown in Figure 6 that is preliminary to defuzzification (not
shown).
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Figure 5. Fuzzy-logic based inference: exemplary second-level aggregation.

Figure 6. Fuzzy-logic based inference: exemplary cessation of aggregation.

4.

DISCUSSION

Performing thorough experimental data analyses may appear as a tiresome process for
different reasons. On one hand, people responsible for experimental design and data
collection may not have sufficient background to deal with appropriate, computingintensive data processing. Activities associated with data collection and data quality
assurance tend to be performed by multiple groups working with a variety of software
applications. Moreover, when novel analytical approaches come into light there is the need
to have them implemented into ready-to-use, accessible software. Often, time and
budgetary constraints do not allow accurate and complete analyses. The consequences of
using insufficient data analyses inevitably are not to gain the insights from the
structural/functional components of data variability, and also losing the relationships
potentially existing between the variables investigated. Computer-aided tools are helpful to
manage the quality of research in terms of definition of experimental requirements and
criteria for analysis. To meet the substantial research quality challenges, it is necessary to
improve the processing tools and technologies currently available, and their cost-benefit
characterizations. The emergence of new technologies has fostered debate on the reuse and
extension of analytical procedures within a variety of applications and platforms. A large
number of statistical and soft-computing procedures have been implemented as software
that cannot be easily maintained or reused, except by their authors, and cannot be
transported to other platforms. Object-oriented programming has become associated with a
rather easy methodology of prototyping and evolutionary software development that can be
exploited in order to include legacy code into newly developed applications for data
processing. The focus put on the use of design patterns encourages usability, reusability
and cross-language compatibility, thus facilitating model development, integration,
documentation and maintenance.
Keeping the above requirements in view, we have approached the DANA project aimed at
designing a tool for encapsulation of solutions to data processing. Making it available for
web use, DANA may serve as a convenient means to support collaborative studies among a
large network of scientists. DANA was first and foremost developed in the context of
policy-support and enforcement of the European Commission (EC) legislation for
genetically modified organisms (GMO). For this reason, the project start-up has been the
thorough implementation of methodologies (i.e., fuzzy-logic approaches) supporting
collaborative validations of GMO analytical methods [Bellocchi et al., 2008], managed by
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the Community Reference Laboratory for GM Food and Feed (http://gmo-crl.jrc.it) in
accordance with Regulation (EC) No 1829/2003 [2003] and Regulation (EC) No 641/2004
[2004] and international guidelines (European Network of GMO Laboratories,
http://engl.jrc.it). Statistical methodologies for support of sampling strategies along the
food and feed chain [e.g., Bellocchi et al., 2007] will be next implemented as realization of
Recommendation 2004/787/EC [2004]. The fuzzy-logic capabilities will be also expanded
by combining fuzzy-based rules with additional tools for sensitivity analysis and
optimization (neural networks).
Its generic features and capabilities, choice of a variety of rules and designs, display of
multiple integrated analyses, make DANA an attractive and interesting tool for use in a
variety of fields. The developers are committed to enrich its offerings, to ensure an
evolving statistical methodology, and to grant easy access and communication. Frequent
interaction with the end-users has been, and will continue to be, a priority for the
development team.
5.

AVAILABILITY AND DOCUMENTATION

DANA is meant to be made available for internet access and use. The application will be
extensively documented through both an online help and a user manual. State-of-the-art
software documentation technique is being used to widely explain key concepts and usage
of the application. At the present stage, the application is under development and a
preliminary version is running on local servers for testing and further development of its
capabilities. Interested users may want to contact the corresponding author for information
on the development status and availability.

6.

CONCLUSIONS

The goals of DANA development are to extend easy access to computational methods to
multiple users, and provide architecture to ensure reuse and extension of coded computing
resources. DANA attempts to overcome some of the technical challenges that to date have
limited the development of reusable computing (either general or specific-purpose)
capabilities. DANA is also a way to share data processing knowledge in an extensible way.
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